To examine the incidence and prognostic effects of intraoperative capsule rupture and to assess the effectiveness of postoperative chemotherapy for intraoperative tumor rupture in apparent stage I epithelial ovarian cancer.
is associated with the most adverse effect on survival. A decrease in the use of postoperative chemotherapy for intraoperatively ruptured cases in Japan is likely the result of increasing awareness of the absence of survival benefits.
(Obstet Gynecol 2019;134:1017-26) DOI: 10.1097/AOG.0000000000003507 W orldwide, ovarian cancer is the most deadly gynecologic malignancy in developed countries, with 65,900 deaths estimated in 2012. 1 Women with a suspicious ovarian mass typically undergo surgery to confirm the histologic diagnosis and allow for comprehensive staging when a malignancy is identified. 2 When adnexectomy is performed for a mass that is apparently confined to the ovary, disruption of the capsule during the process of surgical removal occurs in 20%-48% of cases. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Intraoperative capsule rupture has been recently recognized as an independent category in the International Federation of Gynecology and Obstetrics (FIGO) 2014 ovarian cancer staging system. 16 Although intraoperative capsule rupture upstages a woman from stage IA or IB to IC1, the prognostic significance remains controversial. Some studies have shown a survival disadvantage owing to intraoperative capsule rupture, whereas others have not. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Moreover, the role of postoperative chemotherapy for intraoperatively ruptured cases has not been wellstudied owing to the relatively infrequent occurrence. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] Multiple guidelines and working groups recommend postoperative chemotherapy for highrisk early-stage ovarian cancer with stage IC disease, but their supporting evidence for this recommendation is not solely for intraoperative capsule rupture, and, to date, there is no IC1-specific recommendation for postoperative management. [17] [18] [19] Because stage IC ovarian cancer also encompasses other substages (IC2 and IC3), each with their own distinct relapse and survival patterns, treatment recommendations specific to stage IC1 disease are needed. 4, 9, 11, 15, 17, 20 The primary objective of this study was to examine the incidences and predictors of intraoperative capsule rupture for apparent stage I epithelial ovarian cancer, stratified by histology subtypes. The secondary objective was to examine the association of intraoperative capsule rupture and survival, and to examine the effectiveness of postoperative chemotherapy for ruptured cases.
METHODS
This is a society-based retrospective observational study that used the Gynecologic Tumor Registry database of the Japan Society of Obstetrics and Gynecology. This benchmark nationwide project was conducted within the scope of the Japan Society of Gynecologic Oncology, and the dataset was provided by the Gynecologic Tumor Committee of Japan Society of Obstetrics and Gynecology, functioned as a Japan Society of Gynecologic Oncology-Japan Society of Obstetrics and Gynecology joint study.
The Japan Society of Obstetrics and Gynecology's database is an organ-based cancer registry for gynecologic malignancy that records comprehensive information for cancer types, tumor characteristics, treatment types, and survival outcomes. 21, 22 The registry is maintained by the Gynecologic Tumor Committee of the Japan Society of Obstetrics and Gynecology and comprises 388 local and leading regional hospitals, which cover approximately 50% of all new patients with gynecologic malignancy in Japan. Institutional review board approval was obtained at the Japan Society of Obstetrics and Gynecology's Clinical Research Committee (2018-36-67) and the hosting institution, the Tokai University School of Medicine (17R-100). Each participating institution reviewed the protocol and obtained their own approval, as appropriate. Data entry, accuracy and consistency checks were performed and maintained by clinicians in each participating site.
Women eligible for the analysis were those with stage IA-IC1 epithelial ovarian cancer who underwent adnexectomy-based primary surgical treatment from 2002 to 2015 with the four major histology types (serous, mucinous, endometrioid, and clear cell). Specifically, cases that met criteria for the 2014 FIGO staging with T1a-1c1, N0-x, M0-x were examined. Exclusion criteria included other subgroups of stage I disease (IC2 and IC3), stage II-IV, unknown stage, or ovarian tumors other than the four histology types (serous, mucinous, endometrioid, and clear cell), nonsurgical management, and neoadjuvant therapy before the surgical treatment.
Patient demographics, tumor characteristics, and treatment type were abstracted from the database. Patient demographics included age (younger than 40, 40-49, 50-59, 60-69, and 70 or older), year (2002-2005, 2006-2010, and 2011-2015) , and registry area (East, Central, West, and North). Tumor characteristics included histology type and cancer stage, as above. Treatment types included hysterectomy use (yes vs no), lymphadenectomy use (yes vs no), and postoperative chemotherapy use (yes vs no). Survival outcomes included follow-up time, vital status, and cause of death.
Clinical demographics were classified and grouped per our prior study. 22 Cause-specific survival was defined as the time interval between diagnosis and death from ovarian cancer. Cases without a survival event or cases that were lost to follow-up were censored at the last visit with known vital status.
Per the 2014 FIGO staging system, stage IC1 disease is defined as ovarian tumor confined in the ovary with the intraoperative capsule rupture due to surgical spill; stage IC2 disease is defined as spontaneous capsule rupture before surgery or ovarian surface tumor involvement; and stage IC3 disease is defined as presence of malignant cells in ascites or peritoneal washings. 16 The intraoperative capsule rupture rate was determined as the fractional proportion of stage IC1 cases among stage IA-IC1 cases. The Japan Society of Gynecologic Oncology staging system had been used for the cases before implementation of the 2014 FIGO staging system, and stage 1C(b) in the Japan Society of Gynecologic Oncology staging system corresponds to intraoperative capsule rupture for stage IC1 in the 2014 FIGO staging system. In brief, stage IC(b) from 2001 to 2013 and stage IC1 from 2014 to 2015 represented the intraoperative capsule rupture cases in our study. Because this study examined the effects of upstaging due to intraoperative capsule rupture in ovarian cancer otherwise confined to the ovarian tissue, cases with stage IC2-3 diseases were excluded, as described above.
Normality of continuous variables was assessed with the Kolmogorov-Smirnov test, expressed with mean and standard deviation or with median and interquartile range, as appropriate. For univariable analysis, statistical differences were assessed by oneway analysis of variance test or Kruskal-Wallis H test as appropriate. For categorical or ordinal variables, statistical differences were assessed with the x 2 test.
A binary logistic regression model was fitted to identify the independent clinical-pathologic factors associated with intraoperative capsule rupture for multivariable analysis. Age, year, registry area, hysterectomy, lymphadenectomy, and histology type were entered in the final model, and the magnitude of statistical significance was expressed with odds ratio (OR) and 95% CI. The Hosmer-Lemeshow test was used to assess the goodness-of-fit, and a P..05 was interpreted as a good model.
A recursive partitioning analysis was fitted to construct a regression-tree model for clinicalpathologic demographic patterns of intraoperative capsule rupture. 23 All preoperative (age, year, and area), intraoperative (hysterectomy and lymphadenectomy), and tumor (histology type) factors were entered in the final model, and the x 2 automatic interaction detector method was used to determine the nodes with stopping rule at the levels of three. Among the determined nodes in this analysis, the incidence of intraoperative capsule rupture was calculated. For trend analyses, linear segmented regression with log-transformation was fitted to assess temporal trends of postoperative chemotherapy use and the 5-year cause-specific survival rates over time using the Joinpoint Regression Program. 24 The Kaplan-Meier method was used to construct the survival curves, and differences between the curves were assessed with the log-rank test. The association of intraoperative capsule rupture and cause-specific survival was assessed for each histology type, with adjustments for age, year, registry area, hysterectomy, lymphadenectomy, and postoperative chemotherapy on multivariable models. The Cox proportional hazard regression model was used for the analysis, and the magnitude of statistical significance was expressed with hazard ratio (HR) and 95% CI. At the time of analysis, survival data were available for cases between 2002 and 2011.
Finally, propensity score matching was used to adjust for background differences between the two groups. 25 The propensity score for ruptured status (yes vs no) was computed by fitting a binary logistic regression model. All preoperative and intraoperative factors were entered in the propensity score model. An automated algorithm was used for 1-to-1 propensity score matching, and the optimal caliper width for estimating differences was equal to 0.2 of the standard deviation of the logit of the propensity score. 26 In the matched model, the standardized difference was assessed to evaluate effect size between the two groups. A standardized difference value of 0.10 or less was considered to indicate good balance between the two groups (ruptured vs nonruptured).
For a sensitivity analysis, the efficacy of postoperative chemotherapy on survival was assessed in intraoperative capsule ruptured cases. This is based on the rationale that women with stage IC disease are recommended to receive postoperative chemotherapy per current guidelines, [17] [18] [19] whereas the actual benefit of this strategy remains understudied among cases with intraoperative capsule rupture (stage IC1specific). Similarly, outcomes were evaluated for those who had lymphadenectomy, as microscopic metastasis can be seen in 5%-20% of apparent stage I epithelial ovarian cancer cases, and the omission of a staging procedure is associated with decreased survival. 27, 28 Finally, a doubly robust estimator calculation was used in the matched model to account for unspecified unbalanced variables for outcomes.
All statistical analyses were based on two-sided hypothesis, and a P,.05 was considered statistically significant. Statistical Package for Social Sciences (version 24.0, Armonk, NY) was used for all the analyses. The STROBE guidelines were consulted to display the results of observational cohort study. 29 
RESULTS
Among 74,291 cases of ovarian malignancy in the database, there were 48,640 cases of epithelial ovarian cancer of the four major histology subtypes. Of those, there were 15,163 cases with stage IA-IC1 disease that had primary surgical treatment and met inclusion criteria for this study. The most common histology type was clear cell (n56,107, 40.3%), followed by endometrioid (n53,910, 25.8%), mucinous (n53,382, 22.3%), and serous (n51,764, 11.6%).
Patient demographics per the histology types are shown in Table 1 . Women with serous histology were more likely to be older, compared with the other histologies (median 57 vs 53-54, P,.001). Women with endometrioid and clear cell histologies were more likely to have a recent year of diagnosis, have been diagnosed in the East and Central regions of Japan, and have undergone both a hysterectomy and lymphadenectomy at the time of surgery, compared with other histologies (all, P,.001). Women with clear cell histology had the highest rate of having received postoperative chemotherapy, compared with the other histologies (73.2% vs 30.8-55.7%, P,.001).
In the entire cohort, there were 7,227 (47.7%, 95% CI 46.9-48.5) cases of intraoperative capsule rupture, with clear cell histology (57.3%) exhibiting the highest rate, followed by endometrioid (48.8%), serous (41.8%), and mucinous (32.0%) histologies (absolute difference, 25.3%; P,.001; Fig. 1 ). There was no change in the number of intraoperative capsule rupture cases during the study period in any of the histology types (all, P..05).
On multivariable analysis (Table 2 ), a younger age at diagnosis, lymphadenectomy use, and histology type remained independent predictors for intraoperative capsule rupture (both, P,.001). Specifically, clear cell histology was associated with nearly three-fold increased odds of intraoperative capsule rupture compared with mucinous histology (adjusted OR 2.75, 95% CI 2.51-3.01, P,.001). Even compared with endometrioid histology, the histology with the second When demographic patterns associated with intraoperative capsule rupture were examined (Appendices 1 and 2, available online at http://links.lww. com/AOG/B573), women aged 57 years or younger who had adnexectomy and hysterectomy for ovarian clear cell carcinoma accounted for 20.9% of the study population and had the highest rate of intraoperative capsule rupture (60.9%); women aged older than 47 years with mucinous tumors who had adnexectomy in Central Japan made up 1.8% of the study population and had the lowest rate of intraoperative capsule rupture (24.5%; absolute difference 36.4%, P,.05).
Survival analyses were assessed in 7,484 women diagnosed between 2002 and 2011. The median follow-up time was 5.1 (interquartile range 3.7-5.6) years, and there were 403 deaths from ovarian cancer during follow-up. On univariable analysis without adjustment for other characteristics, intraoperative capsule rupture was significantly associated with decreased cause-specific survival in clear cell (5-year rates, 90.7% vs 95.3%, P,.001; Fig. 2A ), serous (91.8% vs 96.8%, P5.028; Fig. 2B ), and mucinous (92.7% vs 95.6%, P5.044; Fig. 2C ) types, but not for endometrioid type (96.0% vs 97.0%, P5.147; Fig. 2D ).
After controlling for age, year of diagnosis, registry area, performance of lymphadenectomy and hysterectomy, and postoperative chemotherapy use (Fig. 3A) , clear cell type exhibited the largest effect of intraoperative capsule rupture on cause-specific survival (adjusted HR 1.99, 95% CI 1.45-2.75), followed by serous (adjusted HR, 1.61, 95% CI 0.84-3.11), mucinous (adjusted HR 1.28, 95% CI 0.79-2.09), Log-rank test for P-value. Y-axis is truncated to 60-100%. and endometrioid (adjusted HR, 1.14, 95% CI 0.64-2.01) tumors. Similar results were observed in the propensity score matched model ( Fig. 3B and Appendix 3, available online at http://links.lww.com/AOG/ B573).
Among those with intraoperative capsule rupture (n57,227), there were 5,646 (78.1%, 95% CI 77.2-79.1) women who received postoperative chemotherapy. Clear cell (82.7%) exhibited the highest rate of postoperative chemotherapy use followed by endometrioid (78.7%), serous (78.3%) and mucinous (62.3%) histology on multivariable analysis (P,.001; Table 2 ). In addition, older women were associated with infrequent use of postoperative chemotherapy, whereas management in the Central and West regions as well as hysterectomy and lymphadenectomy use were associated with increased use of postoperative chemotherapy (all, P,.05).
The effectiveness of postoperative chemotherapy on cause-specific survival among intraoperatively ruptured cases was examined by histology type. On multivariable analysis (Fig. 4) , none of the four histology types benefited from postoperative chemotherapy (all, P..05), and women who received postoperative chemotherapy had cause-specific survival similar to those who did not for clear cell (adjusted HR 0.86, 95% CI 0.56-1.31), serous (adjusted HR 1.08, 95% CI 0.42-2.74), mucinous (adjusted HR 1.11, 95% CI 0.55-2.27), and endometrioid (adjusted HR 2.81, 95% CI 0.85-9.30). Similarly, when cases were limited to those who had intraoperative capsule rupture and lymphadenectomy, postoperative chemotherapy did not improve cause-specific survival in any of the histology types (all, P..05; Appendix 4, available online at http://links.lww.com/AOG/B573). Similar results were observed for unstaged cases (all, P..05).
Finally, trends of postoperative chemotherapy use were examined among ruptured cases. During the study period, the cohort-level use of postoperative chemotherapy significantly decreased for mucinous (16.3% relative decrease), endometrioid (13.1% relative decrease), and clear cell (9.3% relative decrease) types between 2002 and 2015 (all, P,.05; Fig. 1B ). Postoperative chemotherapy use also decreased in serous type, but this did not reach statistical significance (9.0% relative decrease, P5.131). The cohortlevel 5-year cause-specific survival rates were unchanged in the four histology types (all, P..05; Appendix 5, available online at http://links.lww. com/AOG/B573).
DISCUSSION
Key findings of the study are that both patient and tumor factors contribute to the risk of intraoperative capsule rupture for ovarian cancer. Among those, tumors with clear cell histology had the largest risk for intraoperative capsule rupture. Moreover, our study found that the prognostic effect of intraoperative capsule rupture varies across the histology types, and again, clear cell histology was most associated with ovarian cancer death. Importantly, none of the histologic subtypes benefited from postoperative chemotherapy after intraoperative tumor rupture.
Age and histology type were independently associated with intraoperative capsule rupture. This implies that intraoperative capsule rupture is not a single entity reflecting one factor. A remarkable finding in our study is that young women with clear cell ovarian cancer had the highest risk of intraoperative capsule rupture, exceeding 60%. This may be a result of the association of this histology with endometriosis. Clear cell ovarian cancer has a strong epidemiologic and biological link to endometriosis, which is a disease of young, reproductive-aged women. 30 As endometriomas form a pseudo-capsule and surrounding adhesions, there is a high risk of intraoperative capsule rupture during surgical removal.
Our study also showed an association between registry area and intraoperative capsule rupture. This is most likely the result of the difference in histology type across the areas (post hoc analysis, absolute difference 3.3%, P,.001) (Appendix 6, available online at http://links.lww.com/AOG/B573). This association may possibly propose a hypothetical link between ovarian cancer etiology and geographic disparity, and merits further investigations.
Our study showed that the prognostic significance of intraoperative capsule rupture varies by histology type. More specifically, clear cell type displayed the largest effect of intraoperative capsule rupture on decreased ovarian cancer survival followed by serous, mucinous, and endometrioid. This variable survival effect is likely the reason why prior studies have had heterogeneous results reflecting the unique histology characteristics present in different populations. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] By examining histology types separately, our study provides more meaningful information regarding the significance of intraoperative capsule rupture. In addition, the majority of prior studies have had limited sample sizes, which risk type II errors. By analyzing more than 15,000 cases, our study likely minimizes this problem.
This study showed that survival of women whose ovarian tumors had ruptured during surgery was similar between those who received postoperative chemotherapy and those who did not. It is possible that the residual in situ tumor burden in such spilled cases is likely smaller compared with higher stage disease, and therefore, the benefit of chemotherapy is also smaller compared with such high tumor burden disease. In fact, even in the ruptured cases, the prognosis is already favorable (5-year cause-specific survival rates: 90.7-96.0%), so it is unlikely that chemotherapy is going to add further survival advantage.
We speculate that growing awareness of this absence of a survival benefit is the most likely reason for the decrease in the use of postoperative chemotherapy for stage IC1 epithelial ovarian cancer in Japan. This nationwide cohort-level analysis showed that the 5-year cause-specific survival rates did not change over time despite the decrease in postoperative chemotherapy use. Although one may suggest that observation can be an alternative option for women with stage IC1 epithelial ovarian cancer, this clinical question needs to be addressed in a prospective study.
Currently, the Japanese Gynecologic Oncology Group is conducting a phase III randomized controlled trial with noninferiority design, examining the effectiveness of postoperative chemotherapy for stage IA-IC1 epithelial ovarian cancer (JGOG-3020). 31 The analysis for stage IC1 disease will ultimately address the necessity of postoperative chemotherapy in this disease.
Strengths of the study include the large sample size. Histology-specific analysis provided useful information to clinicians as even the common tumor types display variable differences in characteristics and outcomes. Multiple sensitivity analyses and propensity score matching enriched the robustness of study. There are also several limitations in our study. First, as is inherent to retrospective studies, there will be unmeasured bias which possibly confounded the analysis. For instance, information regarding the mode of surgery (minimally invasive vs laparotomy), surgeon type and experience (gynecologic oncologist vs gynecologist), institution's surgical volume, patient body habitus, tumor size, the presence of peri-adnexal adhesions, and endometriosis, were not available in the database but likely influenced surgical performance. 32, 33 Similarly, the decision-making process for postoperative chemotherapy was not available. Thus, it is unknown whether a lack of postoperative chemotherapy was due to patient or surgeon's choice. Among those who received postoperative chemotherapy, chemotherapy regimens and the number of administered cycles were not known. As clear cell and mucinous ovarian cancer are known to have a lack of response to taxane and platinum doublet, the standard chemotherapy choice in epithelial ovarian cancer, lack of this information prevents us from analyzing the chemotherapy type-specific benefit in this study. 34, 35 Information regarding disease recurrence was not available in this study, but this endpoint is an alternative key outcome in any oncology study. As this study was conducted in Japan, generalizability of the study results in other populations is unknown.
Tumor differentiation is not available in this database, and it is not feasible to distinguish highgrade from low-grade serous tumors. Low rates of postoperative chemotherapy use in the serous group may thus be partly due to this misclassification, because women with low-grade serous tumor typically do not receive postoperative chemotherapy. 17 Although this database represents the largest tumor registry for ovarian cancer in Japan, it captures only 50% of new cases and it is unknown whether uncaptured cases are similar to the cases in the tumor registry. The database does not have specific information regarding the use of peritoneal cytology testing; however, it is the standard practice in Japan to perform a peritoneal cytology evaluation at the beginning of surgical exploration. Lastly, adverse effects from chemotherapy were not available in this study, and composite endpoint analysis together with survival endpoint was not assessable.
There are multiple clinical utilities of the study. Intraoperatively, if surgeons face impending capsule rupture, care and appropriate arrangement should be made. For example, it would be important to acknowledge that in any clinically suspicious ovarian mass, peritoneal washings should first be obtained for staging purposes. Then, all measures should be used to prevent rupture because, if it is upstaged to IC1, it does have prognostic implications of lower survival. Such consideration may include early decisionmaking for conversion to a laparotomy if surgeons encounter technical difficulty during the laparoscopic approach when the suspected ovarian tumor is otherwise confined to the ovary. 32 Specific to the clear cell type, albeit statistically nonsignificant, the laparoscopic approach had clinically higher incidences of intraoperative capsule rupture compared with laparotomy (42.3% vs 34.7%). 33 Further study is warranted to better clarify the association of the laparoscopic approach with intraoperative capsule rupture in ovarian cancer and whether early conversion to achieve intact ovarian removal is indeed beneficial for survival.
Postoperatively, balanced counseling for the pros and cons of systemic chemotherapy is necessary as chemotherapy for stage IC1 epithelial ovarian cancer may not improve survival, and long-term toxicity rates can be high as 60%. 36 
